INDICATIONS FOR RESECTION
As time has passed the indications for resection have broadened. Taking into account the pathological state of the lung alone, in our opinion, resection is indicated in the following types of lesion: (1) The tuberculous cavity, (2) the solid tuberculous lesion, (3) tuberculous bronchiectasis, and (4) tuberculous bronchostenosis. Any of these lesions may be associated with a tuberculous empyema or may have been treated unsuccessfully with some form of collapse therapy, e.g., a thoracoplasty or artificial pneumothorax.
UNILATERAL RESECriON.-In cases of unilateral disease, pneumonectomy would be performed where any of the above pathological processes involve the whole lung and lobectomy where they involve a whole lobe. Segmental resection would be used where one or two adjacent segments are involved, or occasionally where two widely separated segments only are involved, or in association with a lobectomy, the commonest combination being the apical lower lobe segment with an upper lobectomy. Occasionally segmental resection is performed in the presence of widespread disease where it is thought that the segment involved acts as a focus of infection. This applies especially to lesions in the apical segment of the lower lobe which are not amenable to other forms of treatment. Wedge resection is now used only for multiple small solid lesions or for a single solid lesion in the remaining lobe after segmental resection or lobectomy. Before segmental resection became a practical procedure, local excision of a cavity (spieliectomy) or local suture of a cavity (spieliorrhaphy) were performed.
BILATERAL RESECTION.-The indications we have used are as for unilateral resection. If bilateral surgery has been planned the lesser resection is performed first wherever possible, so as to obtain a relatively sound lung on the opposite side before embarking on the major resection. The following combinations are considered as practical possibilities: (1) Resection of one segment of one lung before pneumonectomy is performed on the other side. (2) One or two segments of one lung may be resected with resection of a lobe of the opposite lung. (3) Bilateral segmental resection may be performed. (4) Bilateral lobectomy may be performed.
PRE-OPERATIVE INVESTIGATION SPUTUM EXAMINATION.-All cases are subjected to a rigid sputum examination, 14 specimens of morning sputum being subjected to direct examination and culture in the first instance. If (1) Closure of the cavity so that there is less danger of a spill-over spread at the time of the operation; (2) the prevention of spread to other parts of the lungs during the time of waiting for surgical treatment; (3) as a test for revealing a doubtful cavity on the " good" side, particularly where pneumonectomy is contemplated on the "bad" side. After a short period on postural treatment in which the doubtful lung is uppermost a cavity usually becomes demonstrable if it exists. If this possibility is anticipated, radiographs should be taken after one month, and if cavitation becomes obvious the particular posture in use should be immediately abandoned.
In using postural treatment the cavity is accurately localized to its segment and the appropriate posture instituted for its treatment. The various positions which are maintained to close or reduce cavities are as follows: For cavities in the apex of the lower lobe or in the posterior segment of the upper lobe, the patient lies with the cavity dependent and with the body inclined backwards at an angle of 350 to the horizontal, and with the foot of the bed raised so that the feet are above the level of the head as in Fig. 1 .
Cavities in the apical segment of the upper lobe and laterally placed cavities are treated with the patient lying on the affected side at 900 to the horizontal and with the feet raised so that the cavity is dependent as in Fig. 2 Wilson (1946) , Bailey (1947) , and Holmes Sellors and Hickey (1949) , have advocated the face-down position, but in our hands the incidence of operative spreads appears to be no higher using the lateral position. ANAESTHESIA.--Nitrous oxide and oxygen supplemented with intravenous pethidine and flaxedil has been the anaesthetic used. For the past two and a half years pulmoflators of the " blease" type have been in use. In our opinion, these mechanical respirators, while ensuring adequate oxygenation of the patient, produce ideal working conditions for the surgeon.
When the operation is completed any bronchial secretions are aspirated and the lung fully reexpanded. Post-operative bronchoscopy is not routinely carried out.
THE OPERATION.-A standard postero-lateral thoracotomy approach is used; the first step on entering the pleural cavity is to free any peripheral attachments of the lung and in particular the pulmonary ligament. Objections to this technique may be raised on the grounds of increased risk of operative spread. This has not been found to be so, and we believe that it makes for safer operating if the hilum is easily controlled when the pulmonary artery and its branches are being dissected. The technique of closing the bronchus is similar to that described by Overholt and others (1946) and Bailey (1947) . The following points, which apply especially to pneumonectomy, are also used where possible in other resections. (1) After trials with many other varieties of tubing this type has been found to give the most satisfactory results. After pneumonectomy the pleural space is drained by a basal tube placed in the posterior axillary line and connected to an underwater seal. In using this procedure haemorrhage is not concealed and the patient is safeguarded should an early broncho-pleural fistula occur.
There is no danger of a tension pneumothorax as a result of leakage of air from the suture holes in the bronchial stump and there is no necessity for post-operative aspiration.
For all other resections two tubes are used. The basal tube is placed in the same way as the Fjc.. 4a tube for drainage following pneumonectomy, but inside the pleural cavity it is kept against the chest wall by a sling of catgut, passed through the appropriate intercostal space, to prevent occlusion of the tube by lung or diaphragm. The apical tube is placed in the same interspace as the basal tube, in the mid-axillary line, and runs up inside the chest wall to the apex. It is kept against the chest wall by two catgut sling sutures passed through intercostal spaces above and below the thoracotomy incision. Both tubes are anchored to the chest wall by the device shown in Fig. 5 Where pneumonectomy is contemplated the first step is the performance of a four-rib thoracoplasty with the patient sitting up (lateral position with the table tilted to more than 450 so that any spread will be ipsilateral). Two weeks later the pneumonectomy is performed and the thoracoplasty completed and a muscle flap sutured over the bronchus.
In the case of other resections, generally speaking, streptomycin resistance is an indication for other forms of therapy, but where this is found to be unsuccessful, resections have been carried out, reliance being placed on rapid and complete reexpansion of the remaining pulmonary tissue.
POST-OPERATIVE CARF
It is considered that the essential aim of treatment in the post-operative care following pulmonary resection is obliteration of the residual pleural space, and in segmental or lobar resection this implies rapid re-expansion of the remainder of the lung. In order to ensure this, all patients are nursed in a special post-operative ward, staffed by nurses with a knowledge of the method used. The following measures are important in achieving these aims.
MANAGEMENT OF INTERCOSTAL DRAINAGE.
After lobectomy and segmental resection continuous suction of approximately half an atmosphere pressure is applied through a water seal to both drainage tubes. By this means all the fluid 
FIG. 6b
collecting in the chest is evacuated, and the lung is enabled to expand in the face of any leak from it. By remaining in constant close approximation with the chest wall, fluid is prevented from accumulating, and " alveolar " leakage of air is stopped. The tubes are removed when the space is completely obliterated, the lung is fully expanded, and air has finally stopped leaking from the lung. Following lobectomy this is usually achieved after 48 to 72 hours and following segmental resection after three to five days, or in the occasional case even longer. Until this has occurred, continuous suction is maintained through the tubes (Fig. 6 ).
After pneumonectomy the one basal tube is attached to an under-water seal without suction and left in for 48 hours in the straightforward case.
POSITION OF THE PATIENT.-After lobectomy and segmental resection the patient is nursed lying on the sound side over a pillow. This places the operated lung in a position of inflation and facilitates bronchial drainage. This position, in our opinion, in association with continuous suction, ensures rapid and complete re-expansion.
After pneumonectomy the patient is nursed with the sound side uppermost.
COUGHING.-This is the main factor in the prevention of atelectasis and is encouraged as soon as the patient recovers consciousness; thereafter coughing is supervised at hourly intervals for the first 48 hours.
POST-OPERATIVE RADIOGRAPHS. BRONCHO-PLEURAL FISTULA.-It is believed that the most effective prevention of this complication is adequate bronchial closure as described and quick obliteration of the pleural space. If this complication occurs as shown by coughing of blood, fever, and the appearance of a pleural space about the tenth day, the chest is opened immediately and the fistula repaired, all necessary measures being taken for rapid re-expansion of the lung in the case of segmental resection and lobectomy. In cases of fistula following pneumonectomy the same procedure of repair is followed and the space is obliterated by corrective lateral thoracoplasty with a musculo-periosteal flap similar to that previously described.
"ALVEOLAR" LEAKS.-These are differentiated from broncho-pleural fistula in that there is no coughing of blood and no fever in association with the appearance of a pleural space. Many are treated by removing air with the artificial pneumothorax apparatus; if this treatment is not immediately successful an intercostal tube is inserted and the air removed by continuous suction. Apical spaces which are persistent are treated with a small three-or four-rib thoracoplasty three to four weeks after the original resection.
EMPYEMA.-Total excision of the empyema cavity is the treatment of choice for empyema following lobectomy and segmental resection. In the past other methods have been used, but excision has been found to be superior in its results.
After pneumonectomy drainage is instituted, and when the patient is fit enough the space is obliterated by the usual corrective thoracoplasty and flap.
REVIEW OF SULLY CASES Two hundred and sixty-six resections have been performed on 259 patients over 15 years of age. There were five early post-operative deaths (within three months) giving an operative mortality of 1.88 % and two later deaths giving a total mortality to date of 2.63%. One other death was from a cause unrelated to chest disease. The period of follow-up is from three months to five years. At present 247 patients (94.97%) are well and sputumnegative and have no signs of active disease. One hundred and sixty are working, 68 are at home but not yet working, and 19 are awaiting discharge from hospital.
TYPE OF RESECTION.- Table I sets out the number and types of resections performed at Sully over five years until June, 1953. It will be seen that there has been a steady increase in the more conservative type of resection, and fewer pneumonectomies are performed. There are two reasons for this. One is that fewer destroyed lungs are seen, and second that with the improvements in 
DISCUSSION
The increasing use of bronchography and tomography in the investigation of pulmonary tuberculosis has demonstrated abnormalities of the bronchi in association with tuberculous lesions in a high percentage of cases. That the bronchial abnormality has been due to tuberculous infection has been confirmed by the histological examination of our resected specimens. Clegg (1953) has recently drawn attention to the importance of ulcero-caseous tuberculous bronchitis as a method of spread in pulmonary tuberculosis. Many workers, of whom the most notable are Overholt, Woods, and Wilson (1953) , have drawn attention to the segmental nature of the early tuberculous lesion. This confirms our experience and emphasizes the importance of the bronchus in the pathology of pulmonary tuberculosis. It is now widely accepted that resection is the treatment of choice for tuberculous bronchostenosis and tuberculous bronchiectasis. It seems logical, therefore, where these are associated with parenchymal disease that the same treatment where feasible should be used.
The aim of treatment in pulmonary tuberculosis should be sputum conversion while preserving as much pulmonary function as possible. Because of the frequency of bronchial involvement, sputum conversion is in our opinion best achieved by the total removal of the lesion together with its draining bronchus. Where this can be achieved safely we consider it to be the treatment of choice.
We believe the following factors are important in making resection a reliable and safe procedure.
In the pre-operative investigation, the extent and localization of the lesion are accurately determined, with particular reference to the bronchial element as shown by bronchography and tomography. A diligent search for the tubercle bacillus is carried out, and, wherever possible, sensitivity tests are performed. Bronchoscopy is performed if active tuberculous endobronchitis is suspected at the site of the section and respiratory function tests are performed in assessing the doubtful case.
Pre-operative treatment in the form of antibiotics and posture are of paramount importance, special emphasis being placed on the latter as a method not only of protecting the contralateral lung during the waiting period but also of reducing cavities and so lessening the risk of operative spread.
In the operative approach, such points as mobilizing the lung to the hilum, the method of bronchial closure, and the placing of drainage tubes for post-operative chest drainage are emphasized. Post-resection thoracoplasty is also considered to be of great importance.
Post-operative care is based on the principles of rapid and complete space obliteration and the early recognition and treatment of complications. To achieve these ends a properly equipped postoperative recovery ward is important, but teamwork on the part of experienced nursing staff, physiotherapists, and doctors is essential.
SUMMARY
The results of 266 consecutive resections for pulmonary tuberculosis on 259 patients have been presented.
The indications, pre-operative investigation and treatment, operative and post-operative measures considered to be of importance have been described. There has been an operative mortality of 1.88% and in 94.97% of patients the disease appears to be arrested.
Resection as a method of treatment and factors which make this a safe procedure have been discussed.
